The effect of crack initiation on the dynamic stress states in a single crystal material is simulated using molecular dynamics methods. In Process, we examined if the dynamic virial stress measure capture structure vibration characteristic. The material is modeled using atomic state representative volume elements with both finite and infinite boundaries. The elastic response of the material is the result of atomic interaction modeled using embedded atom method (EAM) force potentials and idealized single crystal lattice geometries. Convergent initial equilibrium states are obtained by heating the material ensemble with slow heating rates. From the numerical simulations temperature dependent properties of the gold are determined. Frequency spectrum of virial stress and its kinetic and potential components are obtained. Crack initiation is modeled by selectively removing force interactions between atoms on the crack plane. The transition in the dynamics stress states are observed in the frequency domain. Frequency and amplitude shifts as evident in the frequency spectrum plots, show the loss in the stiffness (shift in the fundamental frequency) of the material.
Introduction
The studies on the nano scale mechanical building blocks are widely used in the past. Over the last decades, computer simulations technique based on the molecular dynamics (MD) are increasingly being used to study the mechanical behavior of nanostructures [1] [2] [3] [4] [5] [6] [7] . Computer simulation using realistic molecular dynamics method can allow a reliable description of some process to explain the fundamental mechanism of crack and elastic-plastic behaviors of nano material ,provided that the model interaction potentials used are accurate enough. Empirical potentials have become more reliable, owing to the advent of new many-body potential forms, like the embedded atom method (EAM) [8] [9] . Molecular dynamics simulations using the embedded atom method have provided a fundamental understanding of the mechanical behavior of nano materials [10] [11] [12] [13] [14] [15] [16] [17] [18] . It became a popular method for computing many static and dynamical properties of metallic systems via computer simulation techniques. The major advantage of empirical potentials is their computational efficiency, which allows the treatment of large systems of thousands to millions of atoms. The fracture behavior of the material depends on their material properties, temperature and crack tip dislocation emission. The first continuum based model of fracture, proposed by Griffith to predict the onset of crack growth in brittle material, was based on the concept of equilibrium between the crack driving force and the resistance to crack growth. The first atomistic simulations of fracture were carried out in 1976 by Ashurst and Hoover [18] .They have compared the free energies of finite element model and a regular spring model in a triangular lattice. A later classical paper by Abraham and coworkers [19] published in 1994simulated the brittle fracture of a material using molecular dynamics models consisting of million atoms and using LJ inter-atomic potential. The energy release by bond breaking, accumulates in a local phonon field that moves with the crack tip and promotes the emission of dislocation was presented by Zhou et al. [20] .Xu et al. [21] have carry out molecular dynamics simulation on ductile material and presents the stress field around the crack tip and its evolution during the crack growth.
Different approaches to drive the stress calculations in atomistic simulations have been used over the last years. The first paper originally put forward by Basinski, Duesbery, and Taylor [22] and is based upon a volumetric partition of the bulk, homogeneous stress tensor. They have assumed that the bulk stress tensor, which is strictly valid only for homogeneously deformed solids, continues to characterize the stress in a small volume about an atom even in an in homogeneously deformed atomic assemblage. The formalism developed by Hardy [23] uses the finite-valued and finite-ranged localization function. This property of having a finite range is also referred to as the function being of compact support. While the range of this function the characteristic size of the volume that contains atoms contributing to properties at the spatial point chosen-can be selected arbitrarily, the resulting expression for stress contains terms that theoretically remain constant for different size volumes. Zimmerman et al. [24] review Hardy's formalism and present a computational comparison between Hardy's expression for stress and local volume averages of the virial stress within a FCC crystal. Zhou [27] , examined the virial stress and stated that it is not equivalent to the Cauchy stress. Shen [25] and Sun [28] have also supported Zhao's results. But recently published paper by Subramaniyan et al. [29] reiterated that virial stress is equivalent to Cauchy stress [30] .
The main objective of this paper is to study the effect of crack initiation on the dynamic stresses and on the total energy. In this effort, elastic and fracture behavior of single crystal materials are studied using equilibrium Molecular Dynamics (MD). Different types of configurations of gold crystal are considered by applying infinite as well finite boundary conditions. Equilibrium temperatures are obtained by increasing the temperature is small steps. By following the small heating and dwelling rates, the initial equilibrium conditions are reached. The effect of temperature on various gold parameters like density and Young modulus are studied.
The effect of size of gold crystal in the frequency domain show the dependence of the size on the lower frequency resonance modes. An initial crack is created in the middle of the lattice by removing the interaction between two adjacent planes. The model is divided in the small region and for each region total stress, energy and temperature is calculated. Frequency responses of the crystal without crack and with different size of the crack show that there is a shift of frequency peak. crystalline directions respectively. The infinite boundary conditions allow the energy to flow though the boundary, while ensuring the conservation of momentum and energy, i.e. energy flow out of one surface will re-enter from other surfaces. For style finite boundary, the position of the face is set so as to encompass the atoms in that dimension; no matter how far they move. [8, 9] taken as a model for bonding of fcc metals. The EAM potential consists of a many body term representing the interaction of an embedding atom core with the electronic charge density of the remaining atoms in the system and a pair wise term representing the electrostatic interactions between the atoms cores. The many body term is referred to as the embedding function. The total energy E of a system of N atoms can be written as where ϕij is the pair potential function between atoms i and j and rij is the distance between atom i and j, while Fi, the embedding term, is the quantum mechanical energy involving the influence of electron density. This embedding termcan be considered as the energy to embed an atom into an electron gas with a densityi, which comes from the contributions of neighboring atoms. The electron density (ρi) termcan be putas
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where ρi depends only on the distance between two atoms. For a system of atoms in equilibrium state, the force that comes from embedding term is balanced with the force derived from pair wise interaction term. The EAM potential developed by Voter and Chen [26] , the atomic electron density is
where βM is an adjustable parameter, details can be found in the work by Voter and Chen [26] .The pair wise interaction is described by Morse pair potential
where DM , RM , and αM , respectively, are the depth of the potential, the distance to the minimum, and a measure of the curvature at the minimum. The value of DM , RM , and αM , β, and the cutoff distances rcut at which the function ϕ(r) and ρ(r) and their derivatives are forced to go smoothly to zero were determined by Voter and Chen Atomic stress is the strength measurement of the interatomic interactions of the atom with its neighboring atoms. In molecular simulation studies, virial stress averaged over the total volume Ωis often found to be useful to study macroscopic material behavior to analyze stress distribution inside the system. The average virial stress is given as [27] ̅̅̅̅ ∑ ( ∑ ) (5) where, N R is the number of atoms in the region. m α is the mass, vi α is the i-thcomponent of the velocity of atom α,fi αβ is the i-th component of force between atom α and β; and rj αβ is the j-th component of centre distance between atom α and β.It can be seen that that Eq. (5) represents average atomic stresses for the volume of the periodic box. Here, the first term is associated with the contribution from kinetic energy due to thermal vibration and the second term is related to change in potential energy due to applied deformation.
Initial state determination
The gold crystal with infinite boundary condition in x and z directions and finite boundary condition in y direction [IFI] ,is heated from 0K up to 250K temperature. The gold lattice is first heated from 0 to 50K at heat rate of 0.083K/ps for 600ps at NVT condition and then it is equilibrated at this temperature for another 800ps (dwell) by using NPT conditions. This process of heating and equilibrium is repeated for every 50K rise in temperature; till it reaches an equilibrium temperature of 250K.
The total energy of the gold lattice during equilibrium process is presented in the Figure 2 .Kinetic and potential components of the total stress are plotted during the process of determination of initial stage as shown in Figure 3 . Kinetic component of the stress decreases during NVT temperature increment process. There is a large fluctuation of stress in heating of gold from 0-50K at NVT condition, but this fluctuation die down in subsequent NVT heating process. 
Effect of temperature on various parameters of gold lattice
In the previous section gold lattice is heated up to certain temperature to obtain the initial conditions. The properties of the As the temperature increases the frequency peaks of stress amplitude shifted towards the lower frequencies. Decrease in the frequency peak at lower value is indicating the loss of stiffness of the gold lattice at higher temperature. Volume of the gold lattice is also changes with the change in temperature It is recorded for temperature variation from 0K to 1000K as presented in the Figure 5 . Density of the gold at different temperature from 0K to 1000Kis plotted in Figure 6 . The density of the gold lattice decreases with the rise of temperature. Coefficient of volumetric thermal expansion of gold lattice at different temperature is presented in Table 2 . At higher temperature the coefficient of volumetric thermal expansion is high and rise in coefficient of thermal expansion is maximum at 800K. There is no visible peak present at lower frequency range in all three stress frequency spectrums. For the infinite boundaries conditions the lengths of the gold lattice is infinite in all directions hence the there is no frequency peak present in the stress frequency response. Several higher frequency modes observed in the 100GHz-10THz are various phonon and lattice vibration modes. The highest frequency (7.9 THz) corresponds to the lowest length scale, which is the lattice spacing of 4.08A. The three models shown here have different thicknesses but the same lattice spacing of 4.08A. The spectral response of pressure shows identical behavior at the high frequencies with 7.9 THz being the most dominant mode in the high frequency range for all three Figure 8 . For both the thicknesses, there is no visible frequency peak present in the lower frequency range. Figure 9 . There are number of frequency peaks present in the spectrums and the first frequency peak occur at 43 GHz. This is a single dominant peak in the frequency range for the structural modes correlates well with the expected stiffness changes and the increase in lowest fundamental mode. Normal and shear stress components of pressure amplitude are presented in Figure 10 . 
Results of fracture simulation
Molecular dynamics (MD) simulations are carried out to analyze the energy and stress states during crack initiation in the gold lattice. An initial crack is created in the middle of the lattice by removing the interaction on both sides of the crack plane. Effective crack is created by turning off the pair wise interactions between two adjacent slabs of atoms, by not including them in the neighbor list. In this simulation the particles do not interact with other particles or with each other via pair wise interactions. The gold lattice heated at the rate of 0.083K/ps for 600ps and equilibrated at NPT for 800ps for every 50K temperature rise till it attains a temperature of 250K. After reaching the equilibrium temperature of 250K, the gold lattice is again equilibrated for another 4000ps at this temperature and then an initial crack is created in the middle of the lattice. After the crack initiation the gold lattice is again equilibrated for another 2000ps. Separate simulations are run for gold lattice with 32.64Aand 65.28A crack lengths. The total simulation process with 32.64A and 65.28A crack length is shown in Figure 15 . After the crack is initialized the gold lattice with 65.28A crack length has the highest total energy. The total energy of the cracked lattice depends on the length of the crack opening. Gold lattice with all infinite boundaries For gold lattice with all the three sides infinite boundary conditions [I II] the frequency response of pressure amplitude of 32.64A and 65.28A of crack initiation are plotted in Figure 16 . In the stress frequency spectrum of Gold lattice with 32.64A crack there are two frequency peaks present at 93GHz and 136GHz. But with 65.28A crack length these frequency peak isoccurat 60GHz. It indicates as the length of the crack increases the stiffness of the gold lattice decreases. Figure 17 . As per Figure 8 of frequency spectrum of gold lattice without any crack, the first frequency peak occur at 43GHz but once we introduce a 32.64A crack ( Figure 18 ) this peak shifted at 40 GHz and with 65.28A crack this peak occur at 32GHz. Hence as the crack length increases first frequency peak of the hydro static stress amplitude shifts towards lower frequencies due to the decrease in the stiffness of the gold lattice.
Gold lattice with [ finite-finite-infinite] boundaries
The gold lattice with finite b.c's in x and y directions, frequency response of with 32.64A and 65.38A cracks are plotted in Figure  19 . There are two frequency peaks at 43GHz and at 87GHz, these peaks are due to the finite dimensions of the gold lattice in x and y direction.
Conclusions
This effort focuses on the effect of the crack initiation on dynamic stress and energy in the single crystal. We examined the crack initiation in the gold lattice using EAM inter atomic potential. The atomic structure of the material simulated with different set of boundary conditions. The initial condition for the gold lattice is reached by heating the gold lattice by following slow equilibrium procedures. There are lots of turbulence in the lattice with fast equilibrium process. Density of the gold lattice decreases with rise in the temperature whereas the coefficient of volumetric expansion increases with rise in temperature. The locations of these frequency peaks are depends on the size of the finite boundary of the gold lattice. The stiffness of the gold lattice decreases with initiation of the crack and there is a shift in the frequency peak in presence of crack in the gold lattice. 
